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Introduction
Thelackofconvergenceofgrowthratesamongtheworldeconomiesi probablyoneofthe
mostdebatedtopicsinthelastfewyearsintheoreticalndempiricalresearch. In thisperiodwe
haveobservedastrongresurgenceofthedebateaboutlong-rungrowth, startingfromtheinitial
contributionsbyPaulRomer(1986) andRobertLucas(1988) whoopenedthesocalled
“EndogenousGrowthTheory” or“NewGrowthTheory”. Thereasonofthisresurgenceof
interestliesintwoimportantaspectsleftunsolvedbythetheoreticalttemptsofthe60sand70s:
first, theneedtoexplainlong-rungrowthdeterminantsandsecondly, toprovideacareful
explanationtothelackofconvergenceofgrowthratesamongworldeconomies footnote . The
biggestachievementoftheEndogenousGrowthTheoryisrepresentedbythereconciliationof
thediminishingreturnshypothesiswiththetypicalfindingofempiricalanalyses, i.e. agrowth
ratecontinuouslyincreasing.
Therearemanyexplanationsofthelackofconvergenceofgrowthrates. Amongthe
empiricalstudiesonconvergenceweconsiderBarroandSala-i-Martin(1992) whoanalyzedthe
differentdefinitionofconvergenceexpressedasabsoluteandrelative, accordingtotheemphasis
giventotheinitialendowmentsandthesavingrate footnote . However, probably, oneofthe
mostimportantexplanationsforthedivergenceofgrowthratesliesintheheterogeneityoffiscal
policiesadoptedbydifferentcountries. Thepresentpapertriestoexplainthelackof
convergencebyinvokingdifferencesinfiscalpolicies, asexplainedbythemorerecentliterature.
Differentlyfromthegrowththeoryof60sand70s, theendogenousgrowththeoryshows
manyinterestingfeaturestothelinkbetweenfiscalpoliciesandgrowth. Whengrowthis
endogenous, policyactionsaffectingthesavingrate(fiscalpolicycanbethoughasatypical
exampleofsuchapolicy), havegrowtheffectsandnotonlyleveleffects. Thismeansthatfiscal
policyaffectsthesteadystategrowthrateonaBalancedGrowthPath(BGP, thereafter) andnot
onlyduringthetransitionfromonesteadystatetotheother.
Fiscalpolicyingrowthmodelscanbeanalyzedwithinawiderangeofcontexts: (i)
representativeagentsmodelswithinfinitehorizon; (ii) overlappinggenerationsmodels; (iii)
redistributivemodelswithelectoralcompetitionaboutheleveloffiscalpressure. Giventhe
enormousdegreeofdevelopmentreachedineachoftheabovefields, thepresentsurveywill
concentratemostlyonrepresentativeagentmodelswithinfinitehorizon, withaspecialemphasis
ontwo-sectormodelswithhumancapital footnote . Thereasonofthischoicehastodowiththe
goalofanalyzingthegrowtheffectofflatratetaxesandhowvariousassumptionsonthe
productionfunctionforphysicalandhumancapital, will interacttoassessthemagnitudeoffiscal
policy. Themodelsunderpoint(ii)-(iii) focusmoreontheredistributionaleffectsoffiscal
policy, andtheytakeasgiventheeffectoffiscalpolicyongrowth.
A veryimportantpointconcernstheendogeneityofpublicexpenditureinendogenous
growthmodels: unfortunately, notmuchworkhasbeendoneintheinfinitehorizonframework
apartheinitialcontributionbyBarro(1990), BarroandSala-i-Martin(1992) andtheliterature
onredistributionalissues. In thissurveyI will presentboththeaforementionedcontributionsand
someextensionstothetwo-sectorframeworkbyCorsettiandRoubini(1996).
Inwhatfollowsthefocuswill beonlyondeterministicmodels, withoutexploringthe
implicationsofthestochasticgrowthmodelswithfiscalpolicy. Thegoalofstochasticgrowth
modelsisdifferent: heytakeasgiventheexistenceofaBGPtoexplaintheoriginsandcausesof
economicfluctuationsoriginatingaroundit. Todoso, theytrytoreplicatetheobservedbehavior
oftimeseriesof income, consumption, i vestmentandotherelevantmacroeconomicvariables,
byaddingtothemodelshocks- technologicalorfiscal- whichcouldgeneratesuchfluctuations.
Themodelisevaluedaccordingtoitsabilitytoreplicatetheobservedbehavioroftimeseries.
ThosemodelsareinthetraditionofRealBusinessCycles(RBC) literature. Thedifferencewith
theRBC typicalassumptionisthatafiscalpolicyshock- togetherwithapuretechnological
shock- isassumedtobetheoriginofeconomicfluctuations footnote aroundaBGPexogenously
given. In thecaseofpuredeterministicgrowthmodels, instead, wekeepfluctuationsas
exogenoustothemodelandthegoalistoexplaintheexistenceofanunceasinggrowth.
I will nottouchempiricalaspectsoftherelationshipbetweenfiscalpolicyandgrowth. Fora
surveyoftheempiricalresultsonfiscalpolicyandgrowthI addressthereadertoothersurveys,
like, foreexample, Easterlyetal. (1992), EngenandSkinner(1992), LevineandRenelt(1992).
Theremainderofthispaperisorganizedasfollows. Section2introducesthereadertothe
analyticalcontextemployedinthesubsequentsections, bysurveyingthebasicmechanisms
underlyingendogenousgrowthmechanisms. Section3analyzesendogenousgrowthmodels
drivenbyhumancapitalaccumulation, whiletheroleoftheinnovativeactivityasengineof
growthisdiscussedinsection4. Incometaxationisdiscussedinsection5undertheusualtwo
formulationofanincometaxandataxonprivateinputs. Insection6thereisanextensive
discussiononendogenousfi calpolicy. In thiscontext,. modelswithoutandwithhumancapital
areanalyzedinordertoevaluatedifferentdistorsiveffectsoftaxation. Section7studiesa
growthmodelwithmonopolisticcompetitionanddifferentiatedgoods. Theeffectofendogenous
laborsupplyundervariouspecificationsisdiscussedinsection8. Theeffectofconsumption
andinvestmenttaxationisdiscussedrespectivelyinsection9and10. Section11providesabrief
discussiononoptimaltaxationissues. ConcludingRemarksclosethepaper.
Endogenousgrowth: an introduction
Thefundamentalquestiontowhichendogenousgrowththeorydealswithis: whycan
long-rungrowthbekeptconstantandunceasingovertime?
Fromtheexogenousgrowthmodelsweknowthatif theproductionfunctionrespectshe
Inadaconditions, thelawofdiminishingreturnsmakesthelongrungrowthrateequaltozero. In
fact, thetraditionalliteratureongrowthstoppedintheearly70sbecauseof itsinabilityto
explainthecontinuouslyincreasingrowthrateempiricallyobservedforalldeveloped
economies. Duringpastyears, thisproblemhasbeenbrilliantlysolvedbyPaulRomerandRobert
Lucaswhoofferedtwoalternativeexplanationstothelong-rungrowth. Ontheonehand, the
proposedsolutionhingesontheroleplayedbyexternalitiesintheproductionfunctionoffinal
goods. Thepresenceofexternalitieshasacountervailingeffectonthelawofdiminishing
returns, asstressedbyRomer(1986). Ontheotherhand, thereisthetwo-sectorgrowthmodelby
Lucas(1988) whichisbuiltonthepreviousworkbyUzawa(1964), wherethegrowthengineis
representedbyhumancapitalaccumulation.
AsdiscussedbyBarroandSala-i-Martin(1995), quiteallthemodelsofendogenousgrowth
canberepresentedalongthelinesdiscussedbythesemodels. To introducetheanalytical
frameworkemployedthroughoutthepaper, inwhatfollowsI will sketchthetwoclassesof
modelsjustmentioned.
LetusstartbyconsideringaCobb-Douglasproductionfunctionsuchas:
Yt = AtKtJZt1?J   #   
where0 < J ² 1. In ( ref: uno ) Kt indicatesphysicalcapitalandZt isawhatsoeverinput
havingacountervailingeffectonthedecreasingreturnstoscaleassociatedwithKt forwhichan
appropriatequalificationwill beofferedlateron. At isascaleparameter. Inaonegoodmodel
likethis, theaggregatefinalproductcanbeeitherinvestedorconsumed. Thecapital
accumulationisgovernedbythefollowingequation:
.
Kt = Yt ? Ct ? NKKt   #   
whereNK isthedepreciationrateonphysicalcapital.
Withcompetitivemarketsfortheproductiveinputs, therealinterestratemustequatethe
marginalproductofcapital:
rt = JAt
J?1
  #   
From( ref: tre ) weobservethatZt shouldoperateinsuchawaythatrealinterestratenever
declinesovertimewhenKt increases. Thecountervailingeffectwill becompleteif J = 1.
Thepreferencestructureinthiscontextissubsumedbythefollowingutilityfunctionof
CRRA-type(ConstantRelativeRiskAversion) withconstantrelativeriskaversioncoefficienta:
Ut = X
0
K
e?_t Ct
1?a ? 1
1? a dt   #   
where_ > 0isthediscountrate. Therepresentativeagentchoosestheoptimalquantityof
consumptionCt andinvestmentbymaximizing( ref: quat ) subjectedto( ref: due ). After
rearrangingthefirstorderconditions, weobtainthefollowingexpressionforthegrowthrateof
consumption:
L =
6
Ct
Ct
=
rt ? _ ? NK
a   #   
Moreover, L ³ 0 if andonlyif rt ³ _ + NK. It isalsoeasytoverifythatwhenJ = 1thegrowth
rateL will bestrictlypositiveif andonlyif A > _ + NK.
Theabovemechanismisaschematicdescriptionofthebasicfeaturesoftheendogenous
growthmodels: thegrowthrateisalwayspositivebecauseofthepresenceofsomemechanism
abletocontrasttheeffectsofthelawofdiminishingreturns.
GrowthdrivenbyHumanCapital
Thesimplestwaytorepresenttheroleofhumancapitalistoimagineanaggregate
productionfunctionlikey = Akwherekcanbeinterpretedasaggregatecapitalinabroadsense.
Thedefinitionofkencompassesbothphysicalandhumancapital. In thiscontext, it is justthe
assumptionthathumanandphysicalcapitalareincludedinonetermthatgivestheproduction
functionhavingthepropertyofconstantreturnstoscale. In thiscase, themarginalproductof
aggregatephysicalcapitalisconstantaswell, makingthegrowthrateconstantandpositive.
Anexplicitreatmentofhumancapitalrequirestheanalysisofatwo-sectorgrowthmodel
withseparateaccumulationa dproductionprocessesforphysicalandhumancapital.
Therefore, letusassumein( ref: uno ) thatZ = H, whereH isthelevelofhumancapital.
Theaccumulationconstraintforhumancapital:
6
Ht = IH ? NHHt   #   
whereIH istheamountofnewhumancapitalproducednetofdepreciationNHHt, withNH being
thehumancapitaldepreciationrate. Inordertogettractableclosed-formsolutions, assumethat
theproductionfunctionofnewhumancapitalIH is:
IH = BtÝv2tKtÞKÝz2tHtÞ1?K   #   
with0 < K ² 1andwithBt = B - tonaBGP. Also, ( ref: uno ) canberewrittenas footnote :
Yt = AtÝv1tKtÞJÝz1tHtÞ1?J   #   
with0 < J ² 1andwithAt = A - tonaBGP.
In ( ref: sette ) and( ref: otto ) v1t (v2t) indicatesthefractionofphysicalcapitalemployedin
theproductionoffinalgoods(humancapital), whilez1t (z2t) representsthefractionofhuman
capitalemployedintheproductionoffinalgoods(humancapital). Thismodelisgeneralization
ofLucas(1988) modelandRebelo(1991). Inparticular, Lucas(1988) assumesthathe
productionfunctionofhumancapitalis linearlyhomogeneousinHt: thismeansthatwithK = 0
theonlyargumentofthehumancapitalproductionfunctionishumancapitalitself, because
IH = Btz2tHt. Toobtainaclosed-formsolution, I assumethathedepreciationrateforboth
physicalandhumancapitalarethesame, i.e. NK = NH = N. Giventheutilityfunction( ref: quat )
weobtainanexpressionforthegrowthratestillgivenby( ref: cinque ) butwiththefollowing
expressionfortheinterestrater:
r = ÝJAÞKÝÝ1? KÞBÞ1?J J1? J
1? K
K
K
1
1?J+K
  #   
From( ref: nove ) weobservethatinterestrater isafunctionofallthetechnologicalparameters
ofthemodelwhichareassumedtobeconstantonaBGP. Therefore, thegrowthrateofthis
economywill beconstantaswellandpositiveif r > _ + N. Theexpressionfortheinterestratein
theLucas(1988) modelcanbeobtainedasparticularcaseofthemodelconsideredhere, after
imposingK = 0in( ref: nove ) togetr = B.
Thetwo-sectormodelhasatransitionaldynamicswhichhasbeencarefullystudiedby
MulliganandSala-i-Martin(1992) usingthetimeeliminationmethod. Withoutenteringintothe
detailsofthemodel, it ispossibletosaythatif therearenotadjustmentcostsforphysicaland
humancapital, alltheinputsaretotallyfreetomovefromonesectortoanotherandtheredoes
notexistanytransitionaldynamicsatall. Therefore, withoutadjustmentcosts, thetwo-sector
modelhasthesamequalitativebehaviorofthe‘Akmodel’, asdiscussedbyBarroand
Sala-i-Martin(1995) footnote .
Growthdrivenbyinnovativeactivity
In thisclassofmodelstheengineofgrowthisrepresentedbytheactivityoftechnological
innovationconductedatlevelofeachsinglefirm, havingthegoalofobtainingamonopolyprofit
fromsellingnewgoodsonthemarket, asoriginallypointedoutbySchumpeterandKaldor.
AggregateknowledgederivedfrominvestmentinR&D isconsideredasanexternalityandhas
thecharacteristicsofpublicgoodnonrivalandpartiallyexcludable. Afterthatnewgoodsentered
intothemarket, heinnovativecomponentofthosegoodsbecomesafractionofaggregate
knowledgeavailabletoallotherfirmsthatcanimitatethesegoodsanderodetheinitial
monopolypowerofthefirmwhostartedfirst. Thoseissuescanbetreatedintwoclassofmodels.
Thefirstassumesthepresenceofexternalityconnectedtotheaccumulationfaparticulargood,
likeknowledge, whichareexternaltothefirmbutinternaltotheindustrialsectororamarket.
Thisallowstokeeptogetherthestructureofaperfectlycompetitivemarket, andtheprofit
motivationforaccumulatingknowledgeis implicitinthemodel. Thesecondclassofmodels,
instead, explicitlyconsiderstheprofitmotivationleadingtotheinnovativeactivityinamodel
withmonopolisticcompetitioni thefinalgoodsector.
In thefirstclassofmodels, accordingtoRomer(1986), Zt in( ref: uno ) representsthe
aggregatel velofknowledgeavailabletoagiveneconomy. Zt isapublicgoodnon-rivaland
non-excludable: knowledgeisfreelyavailabletoeveryagentofthesocietyatno. Thediffusion
ofknowledgeisrealizedintwoways: throughspecializedjournals, reviewsandnewspapersand,
mostimportantly, throughthesalesoffinalgoodsproducedbyusinginvestmentinR&D realized
atthelevelofeachsinglefirm. Givennthenumberofproducer-consumersofan
economy footnote , ZcanbedefinedasZ = nk. Theinterestrateisbyr = JA which, evidently,
is independentfromk, andisthereforeconstant. Theconsequenceofthiswill beagrowthrate
continuouslyincreasingovertime. Ontheotherhand, if J < 1theBGPjustobtainedis
suboptimalbecauseofthepresenceoftheexternalityderivingfromZ, whichisnottakeninto
accountbyasingle-profitmaximizingfirm. A socialplannerwill choosetheoptimal
accumulationpathbytakingintoaccounttheexternalityeffects: inthiscaseinterestratewould
ber = A.
ThesecondclassofmodelscanbeanalyzedalongthelinesofRomer(1990) wherethe
productionfunctionforfinalgoodsisYt = AÝHt ? HRÞJ X
0
Nt
zÝiÞdi
1?J
whereA isascale
parameter(constant), andtheZt factorisgivenbyZt = X
0
Nt
zÝiÞdi. Zt cannowbeinterpretedas
thesumofallthei-thcapitalgoodszÝiÞ producedbyusingthei-thproject. HR istheamountof
humancapitalemployedintheproductionofnewdesigns, whileNt indicatesthetotalamountof
designsoftheeconomy. In thismodelthegrowthengineisentirelyrepresentedbythe
productionofnewprojectswhichisassumedtobealinearfunctionofNt:
6
Nt = DHRNt   #   
whereD isascaleparameter.. Equation( ref: dod ) describesthegrowthrateofnewdesigns: the
amountofnewprojectsNt dependslinearlyontheexistinglevelofprojects footnote . Thelevel
ofscientificknowledgerepresentsthebasisforfurtherdevelopmentofnewprojects. It is
preciselyinthissensethatheexistingamountofprojectsrepresentsapositivexternality. The
growthrateoftheeconomyisthengivenby( ref: dod ), andit isconstantbecauseHR isassumed
tobeconstantonaBGP. Themechanismjustdescribedandtherelationshipexpressedby
( ref: dod ) offsetsthedecreasingreturnstoscale, keepingboundedawayfromzerothegrowth
rateofthiseconomy footnote .
IncomeTaxation
In thissection, I startwiththeanalysisoftheroleoffiscalpolicyinendogenousgrowth
models. Thissectionconsiderstheeffectsoffiscalpolicycreatedbyincometaxationundertwo
qualifications: apureincometaxandasetofdifferentiatedtaxesonthereturnsonproductive
inputs.
Theincometax
Considernowtheintroductionofaflattaxrateb ontheaggregateincomeYt producedby
usingaCobb-Douglasproductionfunction( ref: uno ). Theincomenet-of-taxesis:
Yt = Ý1? bÞAtKtJZt1?J   #   
Clearly, from( ref: tred ) therateofreturnontheinvestedcapitalwill be:
rt = Ý1? bÞJAt KtZt
J?1
  #   
Afteraquickinspectionof( ref: tred )-( ref: quatdici ) wenotethatheincometaxreducesthe
realreturnoninvestedcapitalandinhibitstheincentivestocapitalaccumulation. Asanexample,
considernowtheAkmodel. Giventheutilityfunction( ref: quat ), thegrowthratefortheAk
modelwithataxrateonincomeis:
L =
Ý1? bÞA ? N ? _
a   #   
In themodelwithknowledgespillover, asinRomer(1986,1989), thegrowthrateis:
L =
Ý1? bÞJA ? N ? _
a   #   
In thetwo-sectormodelwithhumancapitalaccumulationà laRebelo(1991), thegrowthrate
aftertaxwill be:
L = 1a ßÝ1? bÞ
KQà
1
1?J+K ? N ? _   #   
whereQ = ÝJAÞKÝÝ1? KÞBÞ1?J J1?J
1?K
K
K
.
In themodelwithcapitalaccumulationà laLucas(1988) withIH = Btz2tHt insertedin
( ref: sei ), thegrowthratewill be:
L =
B ? N ? _
a   #   
Finally, inthetechnologicalinnovationmodel, wehave:
L =
JD ? _
a + J   #   
From( ref: quind )-( ref: dicia9 ) wecanconcludethatonlyforthreecasesoutoffivethe
growtheffectof incometaxratesisnegative. In fact, thishappensonlyfor
( ref: quind )-( ref: dicias7 ): inalltheothercases, fiscalpolicydoesnothaveanyeffectatallon
growthrate. Thereisasimpleexplanationofthisresult: inthemodelsbyLucas(1988) and
Romer(1990), thegrowthrateisentirelydeterminedbythegrowthrateofhumancapitaland
thatofaccumulatedprojects. Therefore, sincethoseactivitiesareproducedinnon-taxedsector,
thegrowthratewill notbeaffectedbythefiscalstructureintroducedonthefinalgoodsector.
Thus, inatwo-sectormodelwherehumancapitalproductionisnottaxedatall, growthrateisnot
affectedbytaxratesappliedontheproductionoffinalgoods.
Moreover, it iseasytoverifyfrom( ref: quind )-( ref: sed ) thatitdoesnotexistanylevelof
b suchthathegrowthrateturnsouttobemaximized footnote .
Tohighlightthemechanismbehindthisresultweneedtodistinguishbetweendirectand
indirecteffectsoftaxrates. Considerfirstdirecteffects: theintroductionofataxratelowersthe
rateofreturnoncapitaland, throughtheinvestmentchannel, producesanegativeimpactonthe
long-rungrowthrate. Fortheindirecteffects, it isclearthatintheAkmodeltheydonotexistat
all(see( ref: quind )). However, theassumptionsonthetechnologyproducinghumancapitalare
crucialinthedeterminationftheeffectsoffiscalpolicyonthegrowthrate. In fact, fromthe
growthrategivenby( ref: dicias7 ), if theproductionofhumancapitalisnottaxed, when
incometaxrateraisestherewill betheincentivetoshiftresourcesfromthetaxedsectortothe
untaxedone, byloweringthesteadystateratiophysical/humancapital(thereafterK/H).
Moreover, if theproductionofhumancapitalisrealizedwithoutphysicalcapital- asinLucas
(1988) - thedeclineoftheratioK/H increasestherealinterestrateandthiscompletelyoffsetsthe
negative(direct) effectcreatedbytaxation.
Instead, if humancapitalsectoremployesphysicalcapital, asin( ref: sette ), thenthe
offsettingmechanismisonlypartialandtheneteffectongrowthrateisnegative.
ThisdiscrepancybetweenLucas(1988) andRebelo(1991) model, isaconsequenceofthe
factthatheproductionofhumancapitalis indirectlytaxedwhenphysicalcapitalisanecessary
input, becausetheproductionofphysicalcapital(finalgoods) istaxed. In fact, thetaxation
effectsgofromthesectorproducingfinalgoods(physicalcapital) tothesectorproducinghuman
capital, makingimpossibleaperfectoffsettingoffiscaldistortionsthroughmovementsinK/H.
InRomer(1986), theglobaleffectsoftaxationaresomehowambiguous. It wasstressed
beforethathismodelproducesasuboptimalequilibrium, sinceif J < 1thegrowthrateofthis
modelis lowerthanwhatitcouldbeobtainedbyaSocialPlanner. Thisnon-optimality
representsthemainreasonforthepublicinterventioni thismodel. TorestorePareto ptimality,
itwouldusefultosubsidizeproductionthroughtherevenuefroma lumpsumtaxorfroma
proportionaltaxonincome.
Thetaxationonprivateinputs
Theanalyticalcontextpreviouslydevelopedcanbeextendedtothetwo-sectorgrowth
modelsofendogenousgrowthà laLucas(1988) andRebelo(1991), whereincometaxationis
consideredastaxationontherealreturnsofprivateinputs. If humancapitalisanon-market
good, onlytherealreturnsonfactorsemployedintheproductionoffinalgoodswill betaxed.
Theaccumulationconstraintforhumancapitalsectorisstillgivenby( ref: sei ). Also, the
productionfunctionsforthefinalgoodsectorandhumancapitalaregiven, respectively, by
( ref: otto ) and( ref: sette ). TherealreturnsonK andH, aregiven, respectivelybyrtk andrth:
rtk = JA
v1tKt
z1tHt
J?1
  #   
rth = Ý1? JÞA
v1tKt
z1tHt
J
  #   
Moreover, I considerthesamethesamedepreciationrateforbothphysicalandhumancapital,
i.e. NK = NH = N. Theaccumulationconstraintforthefinalgoodsectorisbecomes footnote :
6
Kt= rtkv1Kt + rthz1Ht ? Ct ? NKt ? Gt   #   
whereGt ispublicexpenditure. Thegovernmentbudgetconstraintforthiseconomyis:
6
Bt= rtBt + Gt ? Tt   #   
whereBt representsthetotalamountofpublicdebtissuedattimet. ThefiscalrevenueTt is
definedasTt ¯ btkrtkv1Kt + bthrthz1Ht. Therefore, considering( ref: venti2 ), ( ref: venti3 ) andthe
definitionoffiscalrevenueTt theaccumulationconstraintforthefinalgoodsectorcanbe
rewrittenas:
6
Bt +
6
Kt= rtBt + Ý1? btkÞrtkv1Kt + Ý1? bthÞrthz1Ht ? Ct ? NKt   #   
Tosimplifymatters, I considertheexistenceofnopublicdebt, i.e.
6
Bt= 0. In thiscase, the
governmentbudgetiscontinuouslybalancedateachinstantt, i.e. Gt = Tt. Althoughinamodel
withdistortionarytaxationpublicdebtisnotneutral, thegrowthrateeffectsoftaxationdonot
changewhengovernmentissuespublicdebt.
Asdiscussedpreviously, theimpacteffectoftaxationongrowthdependsuponthe
characteristicsofhumancapitalproductionfunction. In fact, if weconsiderthesameanalytical
specificationassumedbyLucas(1988), thegrowthrateisstillgivenby( ref: dici8 ), which
establishesthatanyformoffiscalrestraintimposedontheproductionoffinalgoodsdoesnot
havegrowtheffects. As itwassaidbefore, thisisduetothecountervailingeffectbetween
resourcesemployedinthetwosectors: physicalandhumanwill tendtoshifttotheuntaxed
sectorandthereductionoftheratioK/H will becompensatedbyananalogousoffsettingofthe
realreturnsofbothK andH.
If humancapitalisproducedwithphysicalcapitalasessentialinput, accordingtoequation
( ref: sette ) thegrowthratewill beaffectedbybothtaxratesbk, bh:
L = 1a QÝ1? b
kÞJKÝ1? bhÞKÝ1?JÞ
1
1?J+K ? N ? _   #   
withQ = ÝJAÞKÝÝ1? KÞBÞ1?J 1?JJ
K
1?K
KÝ1?JÞ
.
From( ref: venti5 ) it is immediateoverifythatbothtaxratesonphysicalandhumancapital
haveanegativeimpactongrowthrateinamultiplicativemanner. Themagnitudeofthese ffects
dependsupontechnologicalparametersJ, K, A, B, andtheindexofrelativeriskaversiona.
Moreover, if thetechnologyemployedintheproductionofphysicalcapitalandhumancapitalis
thesame, i.e. if J = K andA = B, thesteadystategrowthratewill be:
L = 1a AßJÝ1? b
kÞJ àJßÝ1? JÞÝ1? bhÞJ à1?J ? N ? _   #   
From( ref: venti6 ) it isstilltruethataxationproducesdistorsiveffects, whosemagnitudeis
directlyrelatedtothemagnitudeofJ. Furthermore, if theleveloffiscalpressureonbothsectors
isequalandproductionfunctionsarethesame, aftersettingbk = bh = b, equation( ref: venti6 )
will bemodifiedasfollows:
L = 1a J
JÝ1? JÞ1?JAÝ1? bÞJ ? N ? _   #   
Ontheotherhand, whentechnologiesaredifferentbutbk = bh = b, thegrowthrateexpression
givenby( ref: dicias7 ) isstillvalidhere.
Comparingequations( ref: venti5 )-( ref: venti7 ) wecanrecognizethecrucialroleplayedby
theparametersinthedeterminationftheimpacteffectoftaxesongrowthrate. However, the
crosssubstitutioneffectsamongfactorsinducedbytaxationwill implythataneconomy
characterizedbygrowthrate( ref: venti5 ) will growataslowergrowthratethananeconomy
characterizedby( ref: venti6 ) or( ref: venti7 ).
It isworthtostressingthatonecrucialassumptionoftheabovemodelisthathumancapital
isnotamarketgood. Byrelaxingthisassumption, itwill bepossibletoextendtotheproduction
ofhumancapitalthesamekindoftaxstructureoninputsaboveconsideredonlyforthesector
producingphysicalcapital, asinStockeyandRebelo(1995) andPecorino(1993). It isnot
difficultojustifytheproductionofhumancapitalasamarketactivity. In fact, inmanyadvanced
economiesit ispossibletoobservethathumancapitalformationandeducationalctivitiescan
beactivitiesmarketoriented, notdissimilarlyfromtheproductionofphysicalcapital. In this
case, thoseactivitiesbecomesubjectedtotaxationaswell. Sincehumancapitalentersdirectly
intotheproductionoffinalgoods, asin( ref: otto ), wemayinterprethumancapitalasan
intermediategoodproducedbyaseparatesectornotintegratedwiththeproductionoffinal
goods. Thus, whentherealreturnsof inputsemployedintheproductionoffinalgoodsand
humancapitalaretaxed, wewill endupwithanexpressionofthegrowthratedependinguponall
fiscalparametersofthemodel, showinguptheproblemofthedoubletaxationofproductive
factors.
In termsoftheconvergenceissuetwoeconomieswill exhibithesamegrowthrateandthe
sameconvergenceratenotonlyif theyaresimilarwithrespecttotheirtechnologicalparameters,
butalsoif theirfiscalstructurewill beequal. Thoseissuesarecrucialespeciallyif weconsider
howmanyparametersenterintothedefinitionofthegrowthrate.
Whenintheproductionfunctionforfinalgoods( ref: otto ), weinsertanon-reproducible
factor, likeforexampleland, indicatedbyX, whosereturnistaxedataratedifferentfromwhat
employedintheotherinputs, wehavethathetaxrateonX will notaffectatalltherealinterest
rateandthegrowthrate, asprovedbyRebelo(1991). Inotherwords, growthrateisnotaffected
bythetaxratesimposedonnon-reproduciblefactorsinsertedasinputsintheproductionoffinal
goods.
EndogenousFiscalPolicy
Themodelsdescribedsofardidconsiderneithertheproblemofanoptimaldegreeofpublic
expenditure(andconsequently, oftaxation) northeproblemofthedeterminantofpublic
expenditureanditseffectongrowthanddistribution. Indeed, thisisquiteabroadtopicsinceit
involveseveralissues, likeoptimalpublicexpenditureandpoliticalequilibriabasedonthesize
ofpublicexpenditure. InwhatfollowsI distinguishbetweenmodelswithoutanexplicit
treatmentofhumancapitalandmodelswherehumancapitalplaysasignificantroletogether
withotherproductioni puts.
Modelswithouthumancapital
Onepossiblewaytoendogenizepublicexpenditureistoremovetheassumptionwhich
makespublicexpenditurecompletelyuselessinsidethemodelbyopeningaroleforitasa
productiveinputinthefinalgoodsector, alongthelinesofBarro(1990) andBarroand
Sala-i-Martin(1992b). Themainresultsofthosepapersarebasedonadifferentdefinitionofthe
inputZt in( ref: uno ), whichnowcanbeinterpretedasapurepublicgood. Inotherwords:
Zt = Gt, whereGt indicatesthetotalevelofpublicexpenditureinperiodtentirelyinvestedin
theproductionofapublicgood. A possibleinterpretationconsidersGt asthetotalamountof
publicinfrastructuresandfacilitiesprovidedbytheGovernmenttotheprivatesector. Following
BarroandSala-i-Martin(1992b),it ispossibletoconsiderthreedifferentdefinitionsofGt:
(i) publicgoods, aspubliclyprovidedgood, butrivalandexcludable(likeaprivategood);
(ii) purepublicgoods, non-rivalandnon-excludable(like, f.e., defensexpenditure);
(iii) publicgoodsubjectedtocongestionphenomena(like, forexample, highways, treets, green
areas, etc.).
Incases(i)-(iii) it isassumedthatheproductionofpublicgoodsisrealizedthrougha
technologysimilartowhatisemployedbyprivatesectortoproducemarketgoods footnote .
In (i) Gt isthetotalquantityofpublicservicesallocatedtoeachproducer. In fact, givenN
thetotalnumberofentrepreneursofagiveneconomy, wehavethatg = G/N, andin( ref: uno )
Zt = gt. Theprivaterealreturnoninvestmentis:
rt = JA
1?J
  #   
wherek isthepercapitastockemployedbyeachsinglefirm. Eveninthiscase, asinRomer
(1986), theprivaterealreturnoncapitalisnon-optimalandthegrowthratewill belowerthan
whatwecouldobtainunderaSocialPlanningsolution. To financepublicexpenditure, the
Governmentimposesaproportionaltaxrateb onaggregateincome. Fromthebalancebudget
conditionwehavethatby = g forallt. Therefore, onaBGPthesteady-stategrowthrateis:
L = 1a Ý1? bÞb
1?J
J JA1/J ? N ? _   #   
ThegrowthrateforaSocialPlannereconomyis:
LSP = 1a Ý1? bÞb
1?J
J A1/J ? N ? _   #   
Bycomparisonof( ref: venti9 ) and( ref: trenta ), wegetthatL < LSP, sinceJ < 1. It isalso
easytoshowthathegrowthmaximizingtaxratebD is:
bD = 1? J   #   
NotethatbD = 0if andonlyif J = 1, i.e. publicexpenditureb comesuselesswhenphysical
capitalhasenoughconstantreturnsbyitself.
Incase(ii) G representsapurepublicgoodinthesenseofSamuelson. Thebudgetbalance
conditionimpliesthatforeachinstanttG = by. Nowthegrowthratewill be footnote :
L = 1a Ý1? bÞb
1?J
J JA1/JN
1?J
J ? N ? _   #   
In thiscasetoo, thegrowthmaximizingtaxratewill begivenby( ref: trenta1 ). It isworthwhile
tonotethat( ref: trenta2 ) dependsuponN whichisthetotalnumberoffirmsoperatinginthis
economy. Thissuggestshathegrowthratedependsonthesizeoftheeconomy. Thisaspecthas
adifficultinterpretationbecausempiricalregularitiesshowthatlargecountriesareslow
growersrelativelytosmallcountries, asdiscussed, forexample, byLevineandRenelt(1992).
Thisundesirableeffectcanbeby-passedwhenweabstractfromtheconceptofnationandwe
considertheeconomicregionasreplacingtheideaofState-nation. Underthisinterpretation, L is
thegrowthrateofaneconomicregionwhichcanencompassareasbelongingtoseveralnations
butsharingsimilarcharacteristicswithrespecttotheeconomiconditions.
Considernowmodel(iii) withpublicgoodscongestion. Theproductionfunctionisgivenby:
yt = AKt
Gt
Kt
1?J
  #   
WhenincomeishighwehaveasortofcrowdingouteffectonG thatreduceitspositive
externalityeffectsintheproductiveprocess. In thiscase, thegrowthratehereis:
L = 1a Ý1? bÞb
1?J
J A1/J ? N ? _   #   
withagrowthmaximizingtaxratestillequalto( ref: trenta1 ).
Fromthegrowthrateexpressions( ref: venti9 ), ( ref: trenta2 ) and( ref: trenta4 ) andtheir
respectivesocialplanningsolutions, weobserveanon-lineareffectoffiscalpolicyandpublic
expenditureongrowth. Theoveralleffectdependswhetherb is lowerorbiggerthantheoptimal
bD. Inotherwords, if weindicatewithLD thegrowthratecorrespondingtotheoptimaltaxratebD
wehave:
L ³ LD ù b ² bD
L < LD ù b > bD
Thisresultshowsthathegrowtheffectofaproportionaltaxrateisnotnecessarilynegativeand
thefunctionL = fÝbÞ assumesabehaviorofaninvertedU. Therefore, if b = G/Y thegrowth
maximizingtaxrateisexactlyequaltotheshareofpublicexpenditure(ortotalexpenditureon
investmentgoods) onaggregateincome. Beforetheoptimaltaxrate(theoptimalratioG/YÞ is
reached, theadvantageofanhighertaxationgoodishigherthancosts, becausethefiscalrevenue
is investedininvestmentgood. Theoppositehappenswhenthetaxrateishigherthanitssocially
optimallevel: thepositiveffectsofhavingahigherlevelofpublicgoodsaremorethan
compensatedbythecostofanhigherleveloftaxation.
However, it shouldberecognizedthatheoptimallevelofthetaxrateb representsaSecond
Bestsolution, duetothedistortionscausedbyaproportionalincometaxation. Barroand
Sala-i-Martin(1992b) showedthatheFirstbestsolutionwiththehighestgrowthratecanbe
achievedthroughlump-sumtaxation footnote . Thecasewithpublicgoodsubjectedto
congestionrepresentsprobablythemostfavorableframeworktorestorePareto-optimality. In
fact, inthiscasethedistortionsareoriginatedbyanexcessiveuseofthepublicgoodbyprivate
agents: theintroductionofataxratereportstheeconomyontheoptimalpath.
Anotherpossiblewaytoendogenizepublicexpenditureistoinserthepublicexpenditureas
anargumentoftheutilityfunction, asinBarro(1990). In thiscase, givenG astheamountof
publicexpendituretheutilityfunctioncanberepresentedby:
U = X
0
K
e?_tßuÝCtÞ + dÝGtÞà   #   
withuvÝ6Þ > 0, d
v
Ý6Þ > 0, u
vv
Ý6Þ < 0, d
vv
Ý6Þ < 0. If wespecifyaCobb-Douglasutilityfunction
for( ref: extra ), westillobtainthesameclassofresultsconsideredbeforefortheproduction
case, i.e., aninverted-U relationshipbetweentaxesandthegrowthrate.
TheanalyticalcontextintroducedbyBarro(1990) andBarroandSala-i-Martin(1992b) can
beeasilyextendedtomorecomplexmodels. OneexampleisrepresentedbyCashin(1995)
wheregovernmentspendingonphysicalcapitalandtransfersareinputsoftheproduction
functionofprivategoods. Wehavetwostatevariables: thestockofprivatephysicalcapitaland
thestockofpublicphysicalcapital. Basically, publicexpenditurecanbedividedintotwo
components: hestockofpublicphysicalcapitalandthetransfers. Percapita ggregateproduct
is:
yt = Akt
Gt
Kt
J Tt
Kt
K
  #   
whereGt/Kt istheratioofpublicaggregatecapitalstockGt totheaggregatecapitalstockKt, and
Tt/Kt istheratioofaggregatepublictransferpaymentsTt totheaggregateprivatecapitalstock.
As inRomer(1986), weassumethatheaggregatel velofcapitalstockisdefinedas: Kt = Nkt
whereN isthenumber(constant) ofprivatefirmsoperatinginthiseconomyandkt isthe
capital- aborratioforeachfirm. Equation( ref: trenta5 ) is linearinkt forgivenGt/Kt andTt/Kt,
andexhibitsincreasingreturnstoscalewithrespecttoalltheinputsconsideredtogether. The
rationalebehindthepresenceofGt/Kt isthesameasforthepublicgoodswithcongestion
describedabove. To justifythepresenceoftransfersTt/Kt Cashin(1995) arguesthatpublic
transfersrepresentawaytoraisetheafter-taxprivatereturntocapitalthroughthereductionof
inefficienciesandexcessburdenderivedfromapoorprotectionofpropertyrights. Ingeneral, we
candistinguishbetweeni tergenarationalandintragenerationaltr nsfers: Sala-i-Martin(1992)
providesarationalejustificationforintragenerationaltr nsferswhichwouldenforceprivate
propertyrightsandreducetheaggregatedistortions. A betterenforcementofpropertyrights
wouldincentivatepeopletoaccumulatecapitalanditwouldhaveapositiveffectonthegrowth
rate footnote . Theresourceconstraintsforthiseconomyare:
6
kt = Ý1? b1 ? b2ÞAkt GtKt
J Tt
Kt
K
? ct   #   
6
Gt= b1ANkt
Gt
Kt
J Tt
Kt
K
  #   
Tt = b2ANkt
Gt
Kt
J Tt
Kt
K
  #   
where
6
kt ,
6
Gt are, respectively, theinvestmentinprivateandpubliccapital. Tt istotalfiscal
revenuewhileb1, b2 arethemarginaltaxrateusedtofinancetheproductionofpublicphysical
capital(asin( ref: trenta7 )) andtransfers(asin( ref: trenta8 )). Thereisnotpublicdebtand
eachsectorofthewholepublicactivitycannotbefinancedbyborrowingfromanothersector.
AftersomealgebralongthelinesdescribedbyCashin(1995), it ispossibletoobtainanimplicit
functionrelatingthegrowthrateoftheeconomytotaxratesb1, b2. Giventhathegrowth
maximizingtaxratesareb1D = J, b2D = K, it itseasytoshowthathemodelpresentshesame
nonlineareffectoftaxesongrowthasdescribedbeforeinthesimpleone-sectormodelá laBarro
(1990). In fact:
/L
/b1
> Ý<Þ0 ù b1 < Ý>ÞJ
/L
/b2
> Ý<Þ0 ù b2 < Ý>ÞK
Onceagain, therelationshipbetweenfiscalvariablesandgrowthisanU-invertedcurve: the
effectoftaxrateongrowthwill bepositiveif thesizeofgovernmentis lowerthanoptimal. Even
if thismodelacksofamoreprecisedefinitionofGovernmentExpenditure, it representsagood
startingpointinhighlightingthegrowthdiminishingeffectofdistortionarytaxesandthegrowth
enhancingeffectcausedbythepublicprovisionofpublicgoodsandtransfers.
Modelswithhumancapital
An interestingquestionistoseewhatarethegrowtheffectsoftaxesemployedtofinancea
publicexpenditurewhichisusedasexclusiveinputintheproductionofhumancapitalor,
alternatively, intheproductionoffinalgoods. Thislineofresearchasbeenputforewordby
CorsettiandRoubini(1996). In thissectionI will brieflydiscussthemodelbyCorsettiand
Roubini(1996), lateronI will treatheproblemofoptimaltaxationinvolvedwithit. Themain
resultofthispaperisnottoodissimilarfromtheseminalcontributionbyBarro(1990). The
differenceisthatherearenowtwosector, oneproducingfinalgoodsandtheotherproducing
humancapital, andtwotaxrates, oneonphysicalcapitalandtheotheronhumancapital. The
negativeffectsoninputaxationcanbeenhancedbyaproductiveGovernmentexpenditure,
whoseeffectistoreducethedistorsiveffectoftaxation. Intuitively: theinclusionof
Governmentexpenditureintheproductionfunctiongeneratesrentswhichcanbeappropriated
eitherbyhumanorbyphysicalcapital, accordingtothemodellingstructure. Theroleofthetax
rateistoextracttheserents. Withthisrespect, hemodelshowsapositiveffectoftaxeson
growthunderacertainrangeoftaxrates. Theproductionfunctionforfinalgoodsis:
Yt = AÝv1tKtÞJPÝz1tHtÞ1?JÝGtÞJÝ1?PÞ   #   
In ( ref: trenta9 ) thevariableshavetheusualmeaning, apartfromP whichrepresentsthe
productivityofpublicexpenditureGt inthefinalgoodsector. WhenP = 1, thenpublic
expenditureisnotarequiredinputintheproductionoffinalgoods. Theproductionofhuman
capitalisrealizedthroughthefollowingproductionfunction:
IHt = BÝv2tKtÞKgÝz2tHtÞ1?KÝGtÞKÝ1?gÞ   #   
In ( ref: quaranta )g indicatestheproductivityofpublicexpenditureinthehumancapitalsector.
Themodelisgeneralenoughtoprovideawidetaxonomyofcasesaccordingtodifferent
assumptionsonP andg.
TogettherentalrateofcapitalRt1k andthewagerateRt1h weneedtomakeassumptionson
whichfactorinwhatsectorappropriatesrentsderivingfromGt. Asamatterofexample, assume
thatpublicexpenditureisaproductiveinputonlyinsectoroneandthatg = 0. Therefore,
physicalcapitalisthefactorwhichappropriatesrentscomingfrompublicexpenditure. Define
nowtherentalrateonphysicalcapitalinsector1netofrentsderivingfrompublicexpenditureas
rt1k. Finally, letrt1G bethemarginalproductivityofG insector1. TherentalrateofcapitalRt1k
will be: Rt1k = rt1k + rt1G. So, byusing( ref: trenta9 ) andbydroppingtimedependenceforvit,
i = 1,2andzit, i = 1,2, wehave:
rt1k = JPAÝv1KtÞJP?1Ýz1HtÞ1?JÝGtÞJÝ1?PÞ
rt1G = JÝ1? PÞAÝv1KtÞJPÝz1HtÞ1?JÝGtÞJÝ1?PÞ?1
and:
Rt1k = JA
v1Kt
z1Ht
J?1 Gt
v1Kt
JÝ1?PÞ
  #   
Thewagerateis:
Rt1h = Ý1? JÞA
v1Kt
z1Ht
J Gt
v1Kt
JÝ1?PÞ
  #   
At thesametime, insector2wehave: Rt2k = KB
v2Kt
z2Ht
K?1
, Rt2h = Ý1? KÞB
v2Kt
z2Ht
K
.
Thefollowingtablecollectsallthepossibilitiesarisingfromdifferentassumptionsonthe
parametersofthemodel, withoutreportingtheentiresetofalgebraicexpressionsthatcanbe
recoveredalongtheguidelinesdiscussedbefore:
Parameters Factorappropriating
rentsfromG
Model1 P > 0,g = 1 K
Model2 P > 0,g = 1 H
Model3 P = 1,g > 0 K
Model4 P = 1,g > 0 H
Table1
Fromtable1weobservethatModel3and4bothconsidertheproductionofhumancapital
assubjectedtoexternalitiesderivingfromG whiletheproductionoffinalgoodsisrealizedin
sector1withoutG. If weassumethatonlyinputsemployedintheproductionoffinalgoodsare
taxed, theaccumulationconstraintisgivenby( ref: venti4 ). Theaccumulationconstraintfor
humancapitalisstilldescribedby( ref: sei ). Weassumealsothathegovernmentbudget
constraintis instantaneouslyatisfiedwithoutissuingpublicdebt. Thetotalfiscalrevenueisstill
givenbyTt ¯ btkRt1kv1Kt + bthRt1hz1Ht, withGt = Tt. Forexpositoryreasons, I considerherea
simplemodelwithoutheendogenouschoicebetweenlaborandleisure, byassumingthathe
utilityfunctionoftherepresentativeagentisgivenby( ref: quat ). Theresultingexpressionfor
thegrowthrateis:
L = 1a Ci@iÝ1? bt
kÞJKÝ1? bthÞ
Ý1?JÞK ? N ? _   #   
whereCi, @i i = 1,2,3,4areconstanttermsincludingtheconstantparameters(bothfiscaland
non-fiscal) ofeachmodelconsideredinthetable. In theparticularcaseconsideredinthe
example(Model1), wewouldhave:
A1 = J1? J
1? K
K
KÝJ?1Þ ÝJAÞK
ßÝ1? KÞBàJ?1
@1 = Gv1K
JKÝ1?PÞ
Thegrowthrateofthismodelishigherthaninthecasewithoutproductivegovernment
expenditure. Therefore, venif taxationhasanegativeffectongrowth, wehavethatgrowthrate
ishigherforeachleveloftaxation. Moreover, asinBarro(1990), it ispossibletogetthesame
kindofnonlineareffectduetotaxationsuchthatforlowlevelofgovernmentexpenditureand
taxation(assumingcontinuousbalancedbudget) thepositiveffectsofanhigherpublic
expenditurearehigherthanthedistortionsinducedbytaxation, insuchawaythatheoverall
effectongrowthrateispositive. Throughthisway, it isalwayspossibletodefineatriggerlevel
oftaxationbeyondthatwehaveanegativeffectongrowthrate.
Themessageofthismodelistwofold: inonesense, it representstheextensiontothe
two-sectorcaseoftheBarro(1990) modeldiscussedinthepreviousection. At thesametime, it
allowsabetterdiscussionoftheusageofpublicexpenditureandpublicinvestment, byincluding
theopportunityforinvestmentinhumancapital. Anotheradvantageoftheanalyticalframework
adoptedbyCorsettiandRoubini(1996) hingesonitshighreliabilitywhichallowstodistinguish
betweenseveralparticularcaseswithinauniquegeneralframework.
ImperfectlyCompetitiveMarkets
Theinclusionof imperfectcompetitioni theproductionoffinalgoodsorintheproduction
ofhumancapitalmakesalltheresultsontaxationabovedescribedenrichedbyanotherdegreeof
freedom. Thestudyofmonopolisticcompetitioni growthmodelsisprimarilyduetoGrossman
andHelpman(1991), andRomer(1990). Theexplicitstudyofthelinksbetweenmonopolistic
competitionandtaxationingrowthmodelsisduetoJudd(1997). Thislineofresearchshows
thatfiscalpolicyrepresentsanadditionaldistortiontotheexistingonerepresentedbythe
presenceofmonopolisticcompetitionassumedintheproductionoffinalgoods. In thisway,
monopolisticallycompetitivemarketsamplifythedistortionscreatedbyfiscalpolicy. Judd
(1997) focusesonoptimaltaxation: inaworldwithmonopolisticcompetitioni thefinalgood
sector, theoptimaltaxrateoncapitalisnegative(i.e. itbecomesasubsidy). Thisisbecausethe
governmentactsinordertocompensatefirmsfromthelosstobeinanimperfectlycompetitive
market.
In thissection, I will describeasimplemodelusefultoaddresstheseissues. Themodelhere
presentedissimilartoJudd(1997), butI will notconsidertheendogenouschoicebetweenlabor
andleisureonthesideoftherepresentativeagent.
In thiseconomywehaveacontinuumofindividualsindexedbyj onß0,1à. Wealsohavetwo
typesofgoods: aconsumptiongoodandacapitalgoodenteringasinputintheproduction
function. Thereisacontinuumofdifferentiatedconsumptiona dcapitalgoods, eachindexedby
i. An indexofconsumptiongoodswhichareinthesetofpossiblechoicesforagentj is:
Ct
j ¯ X
0
1
ct
jÝiÞ
S?1
S di
S
S?1
  #   
withS > 1. It isclearfrom( ref: quaranta4 ) thatallthedifferentiatedconsumptiongoodsare
indexedonß0,1à Foreachagentj theaccumulationconstraintforcapitalgoodi is:
6
K it
j
= Ý1? btiÞRit
j K it
j ? NK it
j + ^ it
j + wt
jLt
j ? X
0
1
ptÝiÞct
jÝiÞdi   #   
In ( ref: quaranta5 ) Rit
j indicatestherealrateofreturnoncapitalgoodi foragentj, bti isthetax
rateontherealreturnRit
j , assumedequalacrossallindividualj; wt
j isthewagerateforagentj,
whileLt
j is itslaborsupply; ^ it
j istheprofitoftheconsumer-entrepreneurj comingfromthefirm
producingoodi. Theimplicitassumptionon( ref: quaranta5 ) isthatwehavenopublicdebt.
Therefore, Gt = Tt = X
0
1X
0
1
btiRit
j K it
j didjforallt,andwedonothaveanyparticularassumptionon
theusageofpublicexpenditureG.
Thiseconomyhasadecentralizedquilibriumwherethedecisionsoffirmsandconsumers
aretotallyseparated. Firmsandconsumersmeetonthemarketonlywhentheirsuppliesand
demandsareequated. Eachrepresentativeconsumerj facestwokindofproblem: an
intra-temporalllocationproblemgivenbythechoiceofconsumptiongoodsctÝiÞ amongthe
infinitevarietiesi 5 ß0,1à availableonthemarket. However, thereisalsoanintertemporal
conditionwhichistheconsumption/savingchoice. Theutilityfunctionoftherepresentative
agentis:
Ut
j = X
0
K
e?_t
Ct
j 1?a ? 1
1? a dt   #   
Letusconsidernowtheintratemporalcondition. DefineEt
j asthetotalexpenditureon
consumptiongoodsforthesingleagentj. Eachagentj optimallychoosesct
jÝiÞ in
( ref: quaranta4 ) subjectedto:
X
0
1
ptÝiÞct
jÝiÞdi = Et
j   #   
Thesolutionfortheintratemporalal ocationproblemisgivenbythefollowingcoupleof
equations:
ct
jÝiÞ
Ct
j
? 1S
=
ptÝiÞ
Pt
  #   
Pt = X
0
1
ptÝiÞ1?Sdi
1
1?S
  #   
Equation( ref: quaranta8 ) isthedemandequationforgoodi expressedfromagentj, andS isthe
demandelasticity. Equation( ref: quaranta9 ) istheaggregatepriceindexovergoodi. Defineby
ytÝjÞ astheaggregatedemandoverallgoodexpressedbyagentj andobtainedthrough:
ytÝjÞ = X
0
1
ct
jÝiÞdi. LetYt betheaggregatedemandoverallgoodsandagentsexpressedas:
Yt = X
0
1
ytÝjÞdj. Accordingtotheseconsiderations, wecanrewrite( ref: quaranta8 ) as:
ytÝiÞ
Yt
? 1S
=
ptÝiÞ
Pt
  #   
Considernowtheproblemfortherepresentativefirm. Theproductionfunctionforthei-th
firmproducingthei-thdifferentiatedgoodis:
ytÝiÞ = AitXitJLit1?J   #   
whereXit istheamountofdifferentiatedgoodemployedintheproductionofthei-thgood.
DefinethecapitalaggregateXjt as:
Xjt = XtÝjÞ ¯ X
0
1
Kt
jÝiÞ
S?1
S
S
S?1
  #   
whereKt
jÝiÞ indicatesthecapitalstockofgoodj employedintheproductionofgoodi. In
( ref: 52 ) I assumethesame lasticityofdemandforfinalgoods, S > 1. Therefore, achfirmi
producingoodi ownedbyagentj maximizesitsprofit^ t
jÝiÞ definedas:
^t
jÝiÞ = ptÝiÞytÝiÞ ? RtjÝiÞKtjÝiÞ ? WtÝiÞLtÝiÞ   #   
Ineachinstantfirmi choosestheoptimalamountofKt
jÝiÞ andLt
jÝiÞ inordertomaximizeits
profitgivenby( ref: 53 ) subjectedto( ref: cinquanta )-( ref: 52 ). Fromtheprofitmaximization
conditionweobtainthefollowingexpressionsfortheRateofreturnontheproductivefactors
Kt
jÝiÞ andLt
jÝiÞ:
Rt
jÝiÞ = 1? 1
S
JAitXitJ?1Lit
j1?J Kt
jÝiÞ
XtÝiÞ
? 1S ytÝiÞ
Yt
? 1S
  #   
Wt
jÝiÞ = 1? 1
S Ý1? JÞAitXit
JLit
j?J ytÝiÞ
Yt
? 1S
  #   
From( ref: 54 )-( ref: 55 ) weobservethatheassumptionofmonopolisticcompetitivemarket
makesfactoremunerationdifferentfromwhatshouldbeinaperfectlycompetitivemarket. In
fact, if S = 1then( ref: 54 )-( ref: 55 ) will bethesameasinaperfectcompetitivemarketfor
finalgoods. In thisformulationthemark-upovermarginalcostisdefinedasW ¯ 1? 1S
S (thedemandelasticityoffinalgoods), higherwill bethemarketpowerofthe
representativefirmandhigherwill bethemarginovercosts. Ontheotherhand, sinceS isalways
strictlybiggerthanone(byassumption), thenfrom( ref: 54 )-( ref: 55 ) wehavethatfactor
remunerationarelowerthaninperfectlycompetitivemarkets.
Togettheequilibriumrepresentationoftheeconomyabovedescribed, I normalize
( ref: quaranta5 ) withrespecttotheaggregatepriceindexwhichforsimplicityissetequalto
one, i.e. Pt = 1. Moreover, I assumetheexistenceofasymmetricequilibriumacrossgoodsand
agents, bysupposingthatallagentsandfirmsarethesameandthateverybodymakesthesame
choicesamongthedifferentiatedgoodstobeconsumedandinvested. Inordertoaggregateover
allagent, letVt
jÝiÞ bethetotaldemandofgoodi expressedbyagentj, thenthetotaldemandfor
goodi expressedbyallagentsisVtÝiÞ = X
0
1
Vt
jÝiÞdj. Therefore, undersymmetry, wehave:
KtÝiÞ = Kt, XtÝiÞ = Xit = Xt, RtÝiÞ = Rt, WtÝiÞ = Wt, LtÝiÞ = Lit = Lt forall i 5 ß0,1à.
Moreover, wehavethatX
0
1
ptÝiÞctÝiÞdi = Ct whichisthetotalconsumptionexpressedbyeach
agenti. Theaggregateaccumulationconstraint( ref: quaranta5 ) will be:
6
Kt = Ý1? bÞRtKt ? NKt + ^t + WtLt ? Ct   #   
Tomakeeasierallthecomparisonswiththepreviousmodels, definewithrt therateorreturnon
capitalinaperfectlycompetitivemarket(withS = 0intheabovemodel), i.e. rt = JAKtJ?1Lt1?J.
Therefore, therateofreturninaneconomywithmonopolisticcompetitionisgivenby:
Rt = 1? 1S rt.
L =
6
Ct
Ct
= 1a Ý1? bÞ 1?
1
S
rt ? N ? _   #   
From( ref: 57 ) wenotethathepresenceofmonopolisticcompetitionaddsanadditional
distortiontothegrowthratewhichhasamultiplicativeeffectwithrespecttothedistorsive
taxation. Inotherwords: thedistorsiveffectoftaxationismagnifiedbythepresenceof
imperfectlycompetitivemarkets. Thebackgroundjustdiscussedrepresentsagoodstartingpoint
fortheoptimaltaxationanalysisasinJudd(1997), whereit isshownthatinpresenceof
monopolisticcompetition, theoptimaltaxationoncapitalmustbenegativeinorderto
compensateforthedistortioncomingfromanimperfectgoodmarket.
Themodeljustpresentedishighlystylized. Thesamekindofframeworkcanbeeasily
generalizedtoallthemodelspreviouslydiscussed, withoutchangingthemainresult.
EndogenousLaborSupply
Oneofthetypicalassumptionsoftheneoclassicalgrowthmodelisthatagentsadjust
instantaneouslytheirlaborsupplyinresponsetowhatsoevershockeitherontheproductionside
oronthedemandside. Recently, however, wehaveseveralmodelstryingtoanalyzethegrowth
effectsofflat-ratetaxeswhenanendogenouschoicebetweenlaborandleisureis introducedin
themodel. AmongthemorerepresentativepapersinthisareawehaveJones, ManuelliandRossi
(1993), RoubiniandMilesi-Ferretti(1994a,b), Milesi-FerrettiandRoubini(1995), Devereuxand
Love(1994, 1995). It doesnotexistneitherauniquewaytodefine“leisure” noraunique,
standardwaytoendogenizethechoicebetweenlaborandleisure, aswitnessedbytheliterature
onRealBusinessCycles(RBC). AmongRBC studies, it isworthmentioninghereBenhabib,
RogersonandWright(1991), andGreenwoodandHercowitz(1991), whofollowthedefinition
of leisureashomeworkproduction, asinBecker(1965). Withendogenouslaborsupply, the
utilityfunction( ref: quat ) canbegeneralizedasfollows:
uÝCt,§tÞ =
CtSbÝ§tÞ1?S
1?a
1? a   #   
where§t representsleisureinrawformandb isafunctionsuchthatb : ß0,1à ¸ ©+, withb
v
> 0,
bvv < 0. Finally, S representsthefractionofutilityallocatedtoeachargument, interpretedalsoas
theelasticityof intra-temporalsubstitutionbetweenconsumptiona dleisure. Theleisureinraw
form§ isdefinedasthetotalamountoftimeremainingtothesingleagent, afterthefractionof
timedevolvedtohumancapitalaccumulationa dtothefinalgoodsproduction. Oneparticular
functionforb isasimplelinearcaseasbÝ§tÞ = §t. Themodelcanbecompletedbyconsidering
togetherwith( ref: 58 ) atwo-sectormodelasdescribedbyequation( ref: sei )-( ref: otto ): in
thiscase, §t isdefinedas§t = 1? z1t ? z2t (whenwenormalizeto1theendowmentoftime
disposabletothesingleagent).
Theextensionconsideredby( ref: 58 ) will addtothemodelanotherstatevariable§ andone
morefirstorderconditionthatwillmakethesetoffirstorderconditionsnomore
block-recursive. Asaconsequence, intheexpressionofthegrowthratewewouldhaveaterm
dependinguponz1 andz2. Tobemoreexplicit, inatwo-sectoreconomylet® beaconstantterm
formedbyalltheparametersofthemodel, andlet
æ
bÝ§Þ beafunctionofz1 andz2 representing
thefractionofhumancapitalemployedintheproductionoffinalgoods(orphysicalcapital) and
humancapital, whosesumcanvaryasresponsetofiscalpolicyshocks. Thegrowthrateofthis
economycanbeexpressedas:
L = 1a ®
æ
bÝ§Þ ? N ? _   #   
DevereuxandLove(1994, 1995) showedthatfiscalpolicyhasalwaysadistorsiveffecton
growthratewhenleisureisconsideredinarawform, independentlyupontheassumptionsonthe
productionfunctionoffinalgoodsandhumancapital.
Underalternativedefinitionsof leisureweobtaindifferentresults. Onepossibilityisto
replacein( ref: 58 ) bÝ§tÞ withbÝ§tÞHt. In thiscase, leisureinrawformisadjustedbythelevelof
humancapitalHt: thisextensiondefinestheQualitytimemodelofendogenouslaborsupply. In
thiscaseleisureisrepresentedbyaproductionfunctionwhoseuniqueinputishumancapitaland
theoutputis interpretableastheresultofaworkingactivitywhichusesafractionof labor
differentfromwhatissuppliedinthemarketorintheaccumulationfhumancapital.
Inabroadersense, it ispossibletoextendtheQualitytimemodeltoamorecomplex
productionfunctionwhoseinputsarenowphysicalandhumancapital. LetYN bethefinaloutput
obtainedbyusingYN = fßÝ1? v1 ? v2ÞK,Ý1? z1 ? z2ÞHà. Theutilityfunction( ref: 58 ) canbe
extendedtobe:
uÝCt,§tÞ =
ßCtSYNt1?S à
1?a§t
^Ý1?aÞ
1? a   #   
Basically, theintroductionoftheproductionYN is liketoinsertathirdsectorintoamodel
producinganon-marketgood. In thiscontext, fiscalpolicywill affecthechoicebetween
consumptiona dnon-marketactivities(homeworkproductionfunction) andtheintersectoral
factorallocation. In fact, afiscalshockinthemarketorientedsectorswill inhibithesupplyof
inputstobeemployedinmarketsectorbydistractingresourcesinfavorofthehomework
activities. In thissense, theproductionYN canbeinterpretedasacomplexsetofactivitiesoutof
controloffiscalauthorities: underthisinterpretationit representsapotentialsourceoftax
evasion. In fact, if non-marketactivitiesareproducedwiththesametechnologyasmarketgoods,
thenafiscalpolicyshockwill shifttheproductionfromthe“legal” sectortothe“illegal” one,
whoseincomeisunobservableandthereforenontaxable. Moreover, anhighleveloffiscal
pressureonthe“legal” sectorwill shiftresourcesinfavorofthe“illegal” one, makingeven
worsetheproblemoffiscalrevenuecollection, giventhereductionofthetaxbasefollowing
fromareallocationofproductiver sources.
Finally, inatwo-sectormodelthefunctionalspecificationofthenon-marketactivitiesdoes
notaffectatalltheanalyticalexpressionsofthegrowthrate, whichisstillgivenby
( ref: venti5 )-( ref: venti7 ), accordingtothevariousassumptionsonthemodel.
TheConsumptionTax
In thepublicfinanceliteratureconsumptiontaxationhasalwaysplayedanimportantrole.
JohnStuartMill andmorerecentlyFischer(1937) andKaldor(1955) haveofferedargumentsin
favorofconsumptiontaxesratherthanincometaxes. Thetraditionaldebatefocusedonboth
efficiencyandequityarguments footnote . Inparticular, theMill’sconcernismainlyrelatedwith
anefficiencyargumentandisaboutheprincipleofdoubletaxationofsavingsasaconsequence
ofanincometax, butnotofaconsumptiontax. In fact, taxingincomedistortsthe
consumption-savingdecision, whileaconsumptiontaxuniformovertimeimposesthesame
burdenoncurrentandfutureconsumption. Ontheotherhand, therelativeoptimalityof
consumptionversusincometaxationcanbeexpressedasaquestionontheoptimalityoftaxrates
overcurrentandfutureconsumption. I fact, consumptiontaxintroducesadistortionintothe
work-leisurechoice. Therefore, thefinaljudgementhastodowiththerelativesubstitutabilityof
consumptiona dleisureatdifferentpointintime. Accordingtostandardoptimaltaxation
principles, giventhatleisureisuntaxed, weshouldtaxmoreheavilygoodsthataremore
complementarynd/orsubstitutablewithconsumption. Moreover, inaworldwherelaborsupply
isexogenous, auniformconsumptiontaxisequivalenttoawagetaxwhenthereisnoleisure.
Thus, inthislastcase, wearebacktothetraditionaldebateonrelativeoptimality. betweena
wage(orconsumption) taxrateandacapitaltaxrate. Byfollowingthesamekindofargument
aboutefficiency, it isalsopossibletoreachdifferentconclusionsaccordingtotheparticular
specificationadoptedinthemodel. A generalpresumption, however, impliesthatauniform
consumptiontaxwill besuperiortoincometaxationif theutilityfunctionisseparablebetween
consumptiona dleisureandpreferencesarehomotheticoverconsumptionatdifferentdates.
Equityargumentsaremanlybasedontheviewthatit is fairertotaxpeopleonwhathey
consumeratherthanonwhatheyproduce, asstressedbyKaldor(1955).
In theendogenousgrowthcontext, DevereuxandLove(1994, 1995) showedinatwo-sector
modelthatconsumptiontaxaffectsnegativelygrowthrateonlyif leisureismodelledinaraw
form. In fact, foramodelsimilartothatdescribedby( ref: 58 ) and( ref: 59 ) withbÝ§tÞ = §t, we
havethatgrowthratedependsonthetotalamountoftimespentinthemarketsectorandinthe
humancapitalaccumulationactivitythroughthefunctionbÝ§tÞ = §t. Therefore, aconsumption
taxaffectsthechoiceonlaborsupplyinbothproductivesectorsthroughtheusualmechanismsof
incomeandsubstitutioneffects footnote .
If leisureismodelledaccordingtothehomeworkproductionorQualityTimeapproach, then
theconsumptiontaxdoesnotproduceanyeffectatallonthegrowthrate. In fact, themechanism
atworkhereisexactlythesameaswehaveseeninthediscussionontaxationofthe
non-reproduciblefactors. Therearenolinksbetweenthehomeworkactivitiesandtheaggregate
consumption, giventhefactthatintheexpressionforthegrowthratethereisanyvariable
describingtheleisureallocation.
The InvestmentTax
FollowingRebelo(1991), assumethatheproductionofnewinvestmentgoodsusesa
proportion1? ft, 0 < ft ² 1, oftheentireamountofcapitalinamodelwheretheproduction
functionisoftheAktype. Theaccumulationconstraintis:
6
Kt = I t = AÝ1? ftÞKt whereI t
indicatesthegrossinvestment, andtheothervariablehavetheusualmeaning. Supposealsothat
theproductionofconsumptiongoodCt requiresaproportionft oftheaggregatecapitalstock
withaCobb-Douglasproductionfunction:
Ct = BÝftKtÞJTt1?J   #   
with0 < J ² 1. In ( ref: 60 ) Tt isafixednon-reproduciblefactorandB isaconstant
productivityparameter. Letpt betherelativepriceof investmentgoodsintermofconsumption
goodsandYt betheaggregateincome. Theresourceconstraintforthiseconomyis
Yt = Ct + ptI t.
Supposenowthatbetweentheinterestrateforloansdenominatedinconsumption-goods
termrc andtherealreturntocapitalrk holdsthefollowingarbitragerelation:
rct = rkt+
6
pt
pt   #   
where
6
pt /pt indicatestherateofvariationoftheinvestmentgoodspriceexpressedintermsof
consumptiongood. It is justthenon-constancyofpt whichmakesrct andrkt different. Fromthe
profitmaximizationconditionforeachsinglefirmweobtaintheusualconditionofequalityof
themarginalproductinbothsectors(consumptiona dinvestment):
ptÝ1? ftÞA = JBÝftKtÞJ?1   #   
Therefore, if ft isconstantovertime, wewill havethat
6
pt /pt = ÝJ ? 1ÞLk whereLk isthe
growthrateofphysicalcapital. Inotherwords: thepriceofcapitalgooddecreaseswitharate
whichisproportionaltothegrowthrateofphysicalcapitalitself. Theequilibriumonthe
aggregatecapitalmarketsrequiresthatforagiventaxrateonphysicalcapitalbk therateof
returnrk will be:
rk = Ý1? fÞÝ1? bkÞA ? N   #   
Finally, fromthearbitragecondition( ref: 61 ) wehave:
rc = Ý1? fÞÝ1? bkÞA ? N + ÝJ ? 1ÞLk   #   
Therefore, withanisoelasticutilityfunctionhavingaconstantdegreeofrelativeriskaversion
like( ref: quat ), theconsumptiongrowthrateLc canbeexpressedas: Lc = Ýrc ? _Þ/a. By
inserting( ref: 64 ) intotheexpressionforLc andusingfrom( ref: 60 ) thefactthatLc = JLk we
get:
Lk =
Ý1? fÞÝ1? bkÞA ? N ? _
1? Ý1? JÞa
  #   
Lc = J
Ý1? fÞÝ1? bkÞA ? N ? _
1? Ý1? JÞa
  #   
From( ref: 65 )-( ref: 66 ) wehavethataxationoninvestmentissomehowsimilartocapital
taxationandhasnegativeconsequencesonthegrowthrate, asitappearsfromthefactthat
/Lc//bk < 0. Moreover, thetaxrateonphysicalcapitalwhichmaximizestheconsumption
growthrateisequaltozeroandcorrespondstotheoptimallong-runtaxrateoncapital.
Themodeljustdescribedisextremelystylizedanddoesnotconsiderasetofcomplex
interactionsderiving, forexample, fromthedegreeofsubstitutionbetweenfactorsinthe
productionfunctionofthetwogoods. However, eveninamorecomplexmodeltheresultswill
besimilartowhathasbeenshowedhere: theinvestmenttaxis interpretableasataxonnew
capitalanditaffectsgrowthandaccumulationexactlyinthesamefashionaswehavedescribed
inthepreviousections.
Optimaltaxation
Theproblemofoptimaltaxationhasbeenimplicitlytreatedinmanycasesconsideredinthe
previousections. Oneofthesexamplesi certainlyrepresentedbytheBarro(1990) model
wherethegrowthmaximizingtaxrateisthesameofthetaxratewhichmaximizesthewelfareof
therepresentativeagent, withaCRRA utilityfunction. Probably, themoreinterestingcaseisthe
two-sectormodelwhereincometaxationassumestheformoftaxationofrealreturnsofthe
productiveinputs.
Theoptimaltaxationanalysiscanbethoughtasapartofthewellknown“RamseyProblem”
wherethechoicesofthesocialplannerontheoptimaltaxareconstrainedbytheconditions
describingtheoptimizingbehavioroftherepresentativeagent. Wecangenerallydistinguish
betweentwoapproaches: thefirstisadoptedbyChamley(1985, 1986) andJudd(1987) ina
growthmodelwithexogenoustechnicalprogress. Thisapproachfindstheoptimaltaxstructure
astheresultofthemaximizationoftheindirectutilityfunctionoftherepresentativeagent
subjectedtothefirstorderconditionsderivedasresultoftheoptimalchoiceoftheconsumption
plan. Thesecondapproach, mainlyfollowedbyLucas(1990), Chari, ChristianoandKehoe
(1991), Bull(1993a), Jones, ManuelliandRossi(1993), RoubiniandMilesi-Ferretti(1994a,b),
Milesi-FerrettiandRoubini(1995), CorsettiandRoubini(1996), leavesdirectlytothesocial
plannerthetaskoffindingtheoptimalquantitiesofconsumption, productionandinvestment
planssubjectedtotheintertemporalbudgetconstraintandtheresourceconstraint. Thismethod
will deliverfunctionalformslinkingtheoptimalquantitiestothetaxrates. Thecomparison
betweenthefirstorderconditionofthechoiceproblemofthesocialplannerandthefirstorderof
therepresentativeagentwill showtheoptimaltaxstructure.
Theoptimaltaxationanalysisinexogenousgrowthmodelsrevealsthatheoptimaltaxon
capitalshouldbezero, whilethetaxonlaborshouldbepositive. However, inendogenous
growthmodelsweobtainamultiplicityofresultsdependingupontheparticularassumptions
consideredinthemodel. Inparticular, if publicexpenditureisendogenousa , forexample, in
Barro(1990), BarroandSala-i-Martin(1992), Jones, ManuelliandRossi(1993), Judd(1990),
Zhu(1992), thentheoptimallong-runtaxoncapitalmustbeequaltozero. Ontheotherhand, if
publicexpenditureisendogenousandgeneratesxternalitiesinatwo-sectormodelalongthe
samelinesofCorsettiandRoubini(1996), thentheoptimaltaxonphysicalandhumancapital
strictlydependsuponwhichfactorappropriatestherentsgeneratedbypublicexpenditure. For
example, if physicalcapitalisthefactorappropriatingrentsfrompublicexpenditure, thenthe
optimaltaxonitwill bepositiveandzerothetaxonhumancapital(thereverseistruewhen
humancapitalisthefactorappropriatingrents).
Ontheotherhand, if theexternalitiesintheproductionfunctionaregeneratedbyother
factorsandnotbypublicexpenditure, asinRomer(1987, 1990) andLucas(1988), theoptimal
taxationplanconsiderssubsidiesfortheactivitieswithgeneratingpositive
externalities footnote .
Whenweconsidersomeupperlimitstotaxratesoncertaininputs, likeforexamplehuman
capital, thelongrunoptimaltaxrateoncapitalispositiveagain, asshowedbyJones, Manuelli
andRossi(1993b).
A discussionontheoptimalstructureof indirectaxationisconductedbyBull(1993a,b) and
byJones, ManuelliandRossi(1993a). Moreover, theissueofanoptimalconsumptiontaxrateis
discussedbyMilesi-FerrettiandRoubini(1995).
Inanopeneconomycontext, hesametypeofanalysisisconductedbyRebelo(1992), and
RazinandYuen(1992a,b).
In theliteratureabovecitedit isgenerallyshowedthatheresultsonthezero-taxrateon
capitalcanbemaintainedevenintheendogenousgrowthcontext, unlessomeparticular
assumptionsareinsertedinthemodel. Moreover, forawhatsoeverfunctionalformassumedfor
thehomeworkactivitiesinamodelwithhumancapitalaccumulation, if therearenotlimitsto
humancapitaltaxation, theoptimallong-runtaxratesonbothhumanandphysicalcapitalshould
bezero. Inparticular, if laborsupplyisexogenouslygivenandhumancapitalformationdoesnot
requirephysicalcapitalasnecessaryinput, theoptimallongruntaxrateonphysicalcapitalis
zero, whileonhumancapitalispositive. However, thisistheuniquecasethetwo-sectormodel
ofendogenousgrowthwithoutendogenouspublicexpenditurewherewehaveanasymmetry
betweenlongrunoptimaltaxesonphysicalandhumancapital. Ingeneral, wehavesymmetric
optimaltaxratesonphysicalandhumancapital: boththeyareeitherpositiveorzero. Moreover,
thepositiveoptimaltaxrateisobtainedwhentherearerentstobeappropriatedorwhenthereare
someupperlimitsontaxationofsomeinputs footnote (inthesecaseswecouldalsoget
asymmetry, aspreviouslydiscussed). Inexogenousgrowthmodels, instead, theasymmetry
betweenthetwotaxratesistheusualresult.
Probably, oneofthemorestrikingresultcomingfromtheendogenousgrowthliteratureisthe
symmetricresultsonthefiscaltaxratesonproductiveinputs, anditsabilityindiscerningseveral
particularcaseswheretheasymmetricresultcannotbeobtained. It isworthwhiletostressthat
thesymmetricresultisalmostanaturalconsequence, giventhefactthatwithanasymmetriclong
runoptimaltaxstructuretherepresentativeagentwill havetheincentiveinmisreportingthe
sourceof itsincome, inordertoavoidfiscalpressure.
ConcludingRemarks
Thispapersurveysomeofthemoreimportantandrecentresultsontheliteratureonfiscal
policyandgrowth, intheendogenousgrowthcontext. Giventheenormousamountof literature,
thissurveyconcentratedoninfinite-horizonrepresentativeagentmodelswithoneandtwo
productivesector, consideringalsothecaseof imperfectlycompetitivemarkets. It hasbeen
shownthatheheterogeneityofresultsandpointofviewspresentintheliteraturestrictly
dependsupontheparticularassumptionoftheunderlyingmodel. Thisisalsoreflectedonthe
optimaltaxationanalysis.
Giventhenumberofcontributionsinthisareaandthevariousdifferentframeworkanalyzed,
probablyit isnothazardoustodefinethestateofthisliteratureasmature. Newareasofresearch
areofferedbyamorecarefulanalysisoffiscalpolicyissuesingrowthmodelswithimperfect
competition, andbyquantitativer searchandsensitivityanalysisonalltheothermodelsofthe
literature.
bibitem Azariadis,C. andA. Drazen, (1988), “ThresholdExternalitiesinEconomicDevelopment”,
QuarterlyJournalofEconomics, CVI, 501-526.
bibitem Barro,R.,J ., (1990), “GovernmentSpendinginaSimpleModelofEndogenousGrowth”,
JournalofPoliticalEconomy, 98, 2, October, S103-S125.
bibitem Barro, R.,J ., andX. Sala-i-Martin, (1992a), “Convergence”, JournalofPoliticalEconomy,
100, 2, April, 223-251.
bibitem Barro, R.,J ., andX. Sala-i-Martin, (1992b), “PublicFinanceinModelsofEconomic
Growth”, ReviewofEconomicStudies, 59, 645-662.
bibitem Barro, R.,J ., andX. Sala-i-Martin, (1995),Economic Growth, McGraw-Hill, New
York, NewYork.
bibitem Baxter,M. andR.G. King, (1993), “FiscalPolicyinGeneralEquilibrium”, American
EconomicReview, 83,3, 315-334.
bibitem Becker, G.S., (1965), “A TheoryoftheAllocationofTime”, EconomicJournal, 75,
September, 493-517.
bibitem Bertola,G., (1993), “FactorSharesandSavingsinEndogenousGrowth”, AmericanEconomic
Review, 83,5, 1184-1198.
bibitem Benabou, R., (1997), “InequalityandGrowth”,NBER Macroeconomic Annual,
editedbyJ.RotembergandM.Woodford, MIT Press, Massachussetts.
bibitem Benhabib,J., R. Rogerson, andR. Wright, (1991), “HomeworkinMacroeconomics:
HouseholdProductionandAggregateFluctuations”, JournalofPoliticalEconomy, 99,
December.
bibitem Braun, A., (1994), “TaxDisturbancesandRealEconomicActivityinthePostwarUnited
States”, JournalofMonetaryEconomics, 33, 441-62.
bibitem Bull, N., (1993), “WhenAll theOptimalDynamicTaxesareZero”, FederalReserve
WorkingPaperNo. 137, July.
bibitem Caballé,J ., andM. Santos, (1991), “OnEndogenousGrowthwithPhysicalandHuman
Capital”, JournalofPoliticalEconomy, 101, No.4, 1042-67.
bibitem Cashin,P., (1995), “GovernmentSpending, TaxesandEconomicGrowth”, IMF StaffPapers,
Vol. 42, No. 2, June.
bibitem Chamley, C., (1985), “EfficientTaxationinaStylizedModelof IntertemporalGeneral
Equilibrium”, InternationalEconomicReview, 26, No.2, June, 451-468.
bibitem Chamley, C., (1986), “OptimalTaxationofCapitalIncomeinGeneralEquilibriumwith
InfiniteLives”, Econometrica, 54, May, 607-622.
bibitem Chari, V.V., L.J . Christiano, andP. Kehoe, (1991), “OptimalFiscalPolicyinaBusiness
CycleModel”, FederalReserveofMinneapolisWorkingPaperNo. 465.
bibitem Corsetti, G. andN. Roubini, (1996), “OptimalGovernmentSpendingandTaxationin
EndogenousGrowthModels”, NBERWorkingPaperNo. 5851, December.
bibitem Devereux, M.B., andD. Love, (1994), “TheEffectsofFactorIncomeTaxationina
Two-SectorModelofEndogenousGrowth”, CanadianJournalofEconomics, XXVII ,
August, 509-536.
bibitem Devereux, M.B., andD. Love, (1995), “TheDynamicEffectsofGovernmentSpending
PoliciesinaTwo-SectorEndogenousGrowthModel”, JournalofMoney, Creditand
Banking, 27, February, 232-256.
bibitem Easterly, W., R.King, R., Levine, andS.T. Rebelo, (1992), “HowdoNationalPoliciesAffect
Long-Rungrowth? A ResearchAgenda”, WorldBankDiscussionPaperNo. 164, June.
bibitem Engen, E.M., andJ. Skinner, (1992), “FiscalPolicyandEconomicGrowth”, NBERWorking
PaperNo. 4223.
bibitem Fisher, I., (1937), “IncomeinTheoryandIncomeTaxinPractice”, Econometrica, 5, 1-55.
bibitem Greenwood, J., andZ. Hercowitz, (1991), “TheAllocationofCapitalandTimeoverthe
BusinessCycle”, JournalofPoliticalEconomy, 99, 1188-1214.
bibitem Grossman,G.M., andE. Helpman, (1991), Innovation and Growth in the
Global Economy, MIT Press, Cambridge, Massachussetts.
bibitem Helpman, E., (1992), “EndogenousMacroeconomicGrowthTheory”, EuropeanEconomic
Review, 36, 237-267.
bibitem Jones, L.E., R.E. Manuelli, andP.E. Rossi, (1993), “OptimalTaxationinModelsof
EndogenousGrowth”, JournalofPoliticalEconomy, 101, 485-517.
bibitem Judd, K.L., (1987), “TheWelfareCostofFactorTaxationinaPerfectForesightModel”,
JournalofPoliticalEconomy, 95, 4, 675-709.
bibitem Judd, K.L., (1990), “OptimalTaxationinDynamicStochasticEconomies”, mimeo, Stanford
University.
bibitem Judd, K.L., (1997), “TheOptimalTaxRateforCapitalIncomeisNegative”, NBERW.P.
#6004, April.
bibitem Kay, J., (1989), “ConsumptionTaxation”, inJ. EatwellandM. Milgate(eds.),The
Palgrave Dictionary, 617-618.
bibitem Kaldor, N., (1955),An Expenditure Tax, London, AllemandUnwin.
bibitem King, R.C., andS.T. Rebelo, (1990), “PublicPolicyandEconomicGrowth: Developing
NeoclassicalImplications”, JournalofPoliticalEconomy, 98, No.5, part2, October,
S126-S150.
bibitem Levine, R. andD. Renelt, (1992), “A SensitivityAnalysisofCross-CountryGrowth
Regressions”, AmericanEconomicReview, 82, 942-963.
bibitem Lucas,R.,E.J ., (1988), “OntheMechanicsofEconomicDevelopment”, JournalofMonetary
Economics, 22, 3-42.
bibitem Lucas,R.,E.J ., (1990a), “SupplySideEconomics: AnAnalyticalReview”, OxfordEconomic
Papers, 42, 293-316..
bibitem Milesi-Ferretti, G.M., andN. Roubini, (1995), “GrowthEffectsof IncomeandConsumption
Taxes: PositiveandNormativeAnalysis”, InternationalMonetaryFundWorkingPaper
No.62, June.
bibitem Mulligan,C., andX. Sala-i-Martin, (1993), “TransitionalDynamicsinaTwo-SectorModels
ofEndogenousGrowth”, QuarterlyJournalofEconomics, CVIII , August, 739-73.
bibitem Pecorino, P., (1993), “TaxStructureandGrowthinaModelwithHumanCapital”, Journal
ofPublicEconomics, 52, 251-271.
bibitem Perotti, R., (1992), “IncomeDistribution, PoliticsandGrowth”, AmericanEconomicReview,
PapersandProceedings, 82, 311-316.
bibitem Persson, T., andG.Tabellini, (1994), “Is InequalityHarmfulforGrowth?”, American
EconomicReview, 84, 600-21.
bibitem Razin, A. andC.-W. Yuen, (1992a), “ConvergenceinGrowthRates: TheRoleofCapital
MobilityandInternationalTaxation”, NBERWorkingPaper, No. 4214, November.
bibitem Razin, A. andC.-W. Yuen, (1992b), “ConvergenceinGrowthRates: A Quantitative
AssessmentoftheRoleofCapitalMobilityandInternationalTaxation”, NBERWorking
PaperNo. 4336.
bibitem Rebelo, S.T., (1991), “Long-RunPolicyAnalysisandLong-RunGrowth”, Journalof
PoliticalEconomy, 99, June, 500-21.
bibitem Rebelo, S.T., (1992), “GrowthinOpenEconomies”, Carnegie-RochesterConferenceSeries
onPublicPolicy, 36, July, 5-46.
bibitem Romer, P.M., (1986), “IncreasingReturnsandLong-RunGrowth”, JournalofPolitical
Economy, 94, October, 1002-37.
bibitem Romer, P.M., (1989), “CapitalAccumulationandLong-RunGrowth”, inModern
Business Cycle Theory, editedbyR.J. Barro, HarvardUniversityPress.
bibitem Romer, P.M., (1990), “EndogenousTechnologicalChange”, JournalofPoliticalEconomy,
98, No.5, part2, October, S71-S102.
bibitem Roubini, N., andX. Sala-i-Martin, (1992), “FinancialRepressionandEconomicGrowth”,
JournalofDevelopmentEconomics, 39,5-30.
bibitem Roubini, N., andX. Sala-i-Martin, (1995), “A GrowthModelof Inflation, TaxEvasionand
FinancialRepression”, JournalofMonetaryEconomics, 145-182.
bibitem Roubini, N., andG.M. Milesi-Ferretti, (1994a), “TaxationandEndogenousGrowthinOpen
Economies”, NBERWorkingPaperNo.4881, October.
bibitem Roubini, N., andG.M. Milesi-Ferretti, (1994b), “OptimalTaxationofHumanandPhysical
CapitalinEndogenousGrowthModels”, NBERWorkingPaperNo. 4882, October.
bibitem Sala-i-Martin, X., (1992), “Transfers”, NBERWorkingPaperNo. 4186, October.
bibitem Stockey, N.L., andS.T. Rebelo, (1995), “GrowthEffectsofFlat-RateTaxes”, Journalof
PoliticalEconomy, 103, 3, 519-550.
bibitem Uzawa, H., (1964), “OptimalGrowthinaTwo-SectorModelofCapitalAccumulation”,
ReviewofEconomicStudies, 31, January, 31-24.
bibitem Zhu, X., (1992), “OptimalFiscalPolicyinaStochasticGrowthModel”, JournalofEconomic
Theory, 245-276.
